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Targeted reactivation during sleep differentially affects negative memories in
socially anxious and healthy children and adolescents
Groch, S; Preiss, A; McMakin, D; Rasch, B; Walitza, S; Huber, R; Wilhelm, I
Abstract: Cognitive models propose a negative memory bias as one key factor contributing to the emer-
gence and maintenance of social anxiety disorder (SAD). The long-term consolidation of memories relies
on memory reactivations during sleep. We investigated in SAD patients and healthy controls the role of
memory reactivations during sleep in the long-term consolidation of positive and negative information.
Socially anxious and healthy children and adolescents learnt associations between pictures showing am-
biguous situations and positive or negative words defining the situations’ outcome. Half of the words
were re-presented during post-learning sleep (i.e. they were cued). Recall of picture-word associations
and subjective ratings of pleasantness and arousal in response to the pictures was tested for cued and
uncued stimuli. In the morning after cueing, cueing facilitated retention of positive and negative mem-
ories equally well in SAD patients and healthy controls. One week later, cueing led to reduced ratings
of pleasantness of negative information in SAD but not in healthy controls. These findings were coin-
cided by more pronounced EEG theta activity over frontal, temporal and parietal regions in response to
negative stimuli in SAD patients. Our findings suggest that the preferential abstraction of negative emo-
tional information during sleep might represent one factor underlying the negative memory bias in SAD.
SIGNIFICANCE STATEMENT We aim to uncover mechanisms underlying the characteristic negative
memory bias in social anxiety disorder (SAD). The formation of long-lasting memories - a process re-
ferred to as memory consolidation - depend on the reactivation of newly acquired memories during sleep.
We could demonstrate that experimentally induced memory reactivation during sleep renders long-term
memories of negative experiences more negative in SAD patients but not in healthy controls. In parallel,
reactivating negative experiences was coincided by more pronounced oscillatory theta activity in these
patients. These results provide first evidence that memory reactivation during sleep might contribute to
the negative memory bias in SAD.
DOI: https://doi.org/10.1523/JNEUROSCI.1912-16.2017
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 ,PSRUWDQWO\ WKH ORQJWHUP FRQVROLGDWLRQ RI PHPRULHV GRHV QRW RQO\ UHVXOW LQ D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UHSHDWHG UHDFWLYDWLRQ RI WKHVH PHPRULHV 5DVFK DQG %RUQ  ,Q KXPDQV WKLV ZDV
GHPRQVWUDWHG LQDQXPEHURIH[SHULPHQWVXVLQJ WKHPHWKRGRIFRQWH[WFXHLQJ5HH[SRVLQJ
RGRXUVZRUGVRUWRQHVLHFXHVGXULQJVOHHSWKDWDUHDVVRFLDWHGZLWKQHZO\OHDUQWQHXWUDORU
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LQGLFDWHG E\ WKH 6$6&5' 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SDUWLFLSDQWZKRZDVDVVLJQHGSRVWKRFWRWKH6$'JURXSDQGWKHLUDJHPDWFKHGFRQWUROVGLG
QRW FKDQJH WKH PDLQ ILQGLQJV 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Design and Procedure. 3OHDVHVHH)LJXUH$IRUDQLOOXVWUDWLRQRIWKHGHVLJQDQGSURFHGXUH
3DUWLFLSDQWV ZHUH DGDSWHG WR SRO\VRPQRJUDSKLF UHFRUGLQJV RQ D QLJKW SUHFHGLQJ WKH
H[SHULPHQWSURSHU([SHULPHQWDO DQGDGDSWDWLRQQLJKW LQ WKH VOHHS ODEZHUHVHSDUDWHGE\DW
OHDVWRQHQLJKWDWKRPHWRH[FOXGHSRVVLEOHHIIHFWVRIEDGVOHHSTXDOLW\LQWKHDGDSWDWLRQQLJKW
RQVOHHS LQ WKHH[SHULPHQWDOQLJKW ,Q WKHH[SHULPHQWDOQLJKWSDUWLFLSDQWVFDPH WR WKHVOHHS
ODEDURXQGKUVEHIRUHSDUWLFLSDQWV
KDELWXDOEHGWLPH)LUVWWKHHOHFWURGHQHWZDVSODFHGLQ
RUGHU WR UHFRUG QRFWXUQDO VOHHS GXULQJ WKH VXEVHTXHQW QLJKW 7KHUHDIWHU SDUWLFLSDQWV
SHUIRUPHGWKHSLFWXUHZRUGDVVRFLDWLRQ WDVN/HDUQLQJ6HVVLRQDQGZHQW WREHGDIWHUZDUGV
'XULQJ15(0VOHHSKDOIRI WKH OHDUQWZRUGVZDVSUHVHQWHGYLD ORXGVSHDNHUSODFHGEHKLQG
WKH SDUWLFLSDQWV
 KHDG WR VWLPXODWH WKH UHDFWLYDWLRQ RI UHVSHFWLYH SLFWXUHZRUG DVVRFLDWLRQV
7HVWLQJVWDUWHGaPLQXWHVDIWHUZDNLQJXSLQWKHPRUQLQJWRDYRLGDQ\PRGXODWLQJHIIHFWRI
VOHHS LQHUWLD RQ UHFDOO SHUIRUPDQFH 7KLV 7HVW 6HVVLRQ  DVZHOO DV WKH7HVW 6HVVLRQ  RQH
ZHHN ODWHU LQFOXGHG WKH PHPRU\ UHFDOO RI SLFWXUHZRUG DVVRFLDWLRQV DQG LQ D VHFRQG UXQ
VXEMHFWLYH UDWLQJV RQ WKH OHYHO RI DURXVDO DQG SOHDVDQWQHVV RI SLFWXUHV RQ D SRLQW VHOI





Sleep EEG. 6OHHS LQ WKH H[SHULPHQWDO DQG WKH DGDSWDWLRQ QLJKW ZDV UHFRUGHG XVLQJ KLJK
GHQVLW\VOHHS((*(OHFWULFDO*HRGHVLFV6HQVRU1HWIRUORQJWHUPPRQLWRULQJFKDQQHOV
UHIHUHQFHG WR D YHUWH[ HOHFWURGH LQFOXGLQJ HOHFWURP\RJUDSKLF DQG HOHFWURRFXORJUDSKLF
UHFRUGLQJV 'DWD ZHUH VDPSOHG DW  +] ± +] 2IIOLQH WKH ((*ZDV EDQGSDVV
ILOWHUHG ±+] DQG GRZQVDPSOHG WR +] 7KH ((*ZDV YLVXDOO\ VFRUHG IRU VOHHS





Memory cueing during sleep. 'XULQJSRVWOHDUQLQJSHULRGVRI15(0VOHHSHPRWLRQDOZRUGV
WKDWKDGEHHQSDLUHGZLWKDSLFWXUHGXULQJWKHOHDUQLQJSKDVHZHUHSUHVHQWHGDJDLQDXGLWRULO\
YLD ORXGVSHDNHU ZLWK D  G% VRXQG SUHVVXUH OHYHO +DOI RI WKH OHDUQW ZRUGVZHUH FXHG
ZKHUHDVWKHRWKHUKDOIWKHOHDUQWZRUGVZHUHQRWFXHG+DOIRIWKHFXHGZRUGVZHUHUDQGRPO\
DQGLQGLYLGXDOO\FKRVHQIURPWKHJURXSRIZRUGVWKDWKDGEHHQFRUUHFWO\UHPHPEHUHGE\DQ
LQGLYLGXDO GXULQJ WKH OHDUQLQJ SKDVH LH KLWV ZKHUHDV WKH RWKHU KDOI ZDV WDNHQ IURP
XQNQRZQZRUGV LHPLVVHV+DOI RI WKH FXHGZRUGVZHUH SRVLWLYH DQG KDOI RI WKHPZHUH
QHJDWLYH)RUH[DPSOHJLYHQWKDWDSDUWLFLSDQWFRUUHFWO\UHPHPEHUHGKDOIRIWKHSLFWXUH










DQG LWZDV LPPHGLDWHO\ VWRSSHGZKHQHYHU DQ\ VLJQ RI DQ DURXVDOZDNLQJ XS RU DQ\ RWKHU





Picture-word association task. 7KHSLFWXUHZRUGDVVRFLDWLRQWDVNLVEDVHGRQSUHYLRXVVWXGLHV
WKDWDLPHGWRLQGXFHPHQWDOLPDJHU\XVLQJSLFWXUH±ZRUGFXHV+ROPHVHWDO3LFWHWHW
DOVHH)LJXUH%IRUDQLOOXVWUDWLRQRIWKHWDVN7KLVVSHFLILFWDVNZDVXVHGEHFDXVH
PHQWDO LPDJHU\ RI SLFWXUH ZRUGDVVRFLDWLRQV KDV EHHQ VKRZQ WR HYRNH VWURQJ HPRWLRQDO
UHVSRQVHVZLWKWKLVEHLQJDWWULEXWHGWRWKHSHUVRQDOUHOHYDQFHRIWKHPHPRULHV+ROPHVHWDO
3LFWHWHWDODQGSLFWXUHZRUGDVVRFLDWLRQVKDYHEHHQIRXQGWREHVHQVLWLYHIRU
VOHHSGHSHQGHQWSURFHVVHVRIPHPRU\ FRQVROLGDWLRQ /HKPDQQHW DO E DVZHOO DV IRU
WKH EHQHILFLDO HIIHFWV RI PHPRU\ FXHLQJ GXULQJ VOHHS /HKPDQQ HW DO D 7KH WDVN





HJ ³MHHU´ %HIRUH VWDUWLQJ WKH OHDUQLQJ SURFHGXUH DOO SDUWLFLSDQWV ZHUH LQVWUXFWHG LQ DQ
LPDJHU\JHQHUDWLRQ WDVN VLPLODU WR WKRVHXVHG LQSUHYLRXVVWXGLHV HJ+ROPHVHWDO
DQGXQGHUZHQWWZRSUDFWLFHWULDOV3DUWLFLSDQWVZHUHDOVRLQVWUXFWHGWRPHPRUL]HWKHSLFWXUH
ZRUGDVVRFLDWLRQVEHFDXVHPHPRU\SHUIRUPDQFHZRXOGEHWHVWHGDIWHUOHDUQLQJDQGDJDLQDIWHU
WKH UHWHQWLRQ LQWHUYDO'XULQJ OHDUQLQJ HDFKRI WKHSLFWXUHZRUG DVVRFLDWLRQVZDVSUHVHQWHG
IRU PV$ EODFN VFUHHQ WKHQ DSSHDUHG IRU PV GXULQJZKLFK WKH SDUWLFLSDQWVZHUH









H[SHULPHQWHU ZKR VWRRG QH[W WR WKHP DQG UHFRUGHG PHPRU\ SHUIRUPDQFH 7KH WLPH WR
JHQHUDWHDUHVSRQVHZDVQRWOLPLWHG,Q7HVW6HVVLRQRQHZHHNODWHUDOOSDUWLFLSDQWVZHUH
FDOOHG E\ WHOHSKRQH E\ WKH H[SHULPHQWHU DQG UHFHLYHG YLDPDLO D VOLGH VKRZ FRQWDLQLQJ DOO





DQG XQFXHG SLFWXUHZRUG DVVRFLDWLRQV DV D PHDVXUH RI UHWHQWLRQ SHUIRUPDQFH LH 
PHDQVWKHVDPHDPRXQWRIZRUGVEHLQJFRUUHFWO\UHFDOOHGLQERWK7HVW6HVVLRQV

Ratings of pleasantness and arousal. 7R DVVHVV WKH WZR HPRWLRQDO GLPHQVLRQV LH














Analyses of power changes in response to cues. 
((*VLJQDOVZHUHSUHSURFHVVHGXVLQJ%UDLQ9LVLRQ$QDO\]HU %UDLQ3URGXFWV*LOFKLQJ




WKDW ZHUH QRW UHPHPEHUHG LQ WKH 7HVW 6HVVLRQ LQ WKH PRUQLQJ LH UHIHUUHG WR DV ³ODWHU
UHPHPEHUHG´ DQG ³ODWHU IRUJRWWHQ´ VWLPXOL 6XFFHHGLQJ ((* RVFLOODWRU\ DQDO\VHV ZHUH
SHUIRUPHG XVLQJ WKH RSHQ VRXUFH )LHOGWULS WRROER[ 2RVWHQYHOG HW DO  UXQQLQJ RQ
0DWODE5D0DWK:RUNV1DWLFN0$7LPHIUHTXHQF\DQDO\VLVZDVFRPSXWHGIRUHDFK
WULDO E\XVLQJ D F\FOH0RUOHWZDYHOHW GHFRPSRVLWLRQ UDQJLQJ IURP WR+] LQ +]
VWHSV$VOLGLQJZLQGRZZLWKDVWHSVL]HRIPVZDVDSSOLHGDFURVVWKHHQWLUHOHQJWKRIWKH




RQD[[[ DQDO\VHVRIYDULDQFH $129$ LQFOXGLQJ WKH UHSHDWHGPHDVXUHV IDFWRUV
µYDOHQFH¶ SRVLWLYH QHJDWLYH µFXHLQJ¶ FXHG XQFXHG DQG µWLPH¶ 7HVW 6HVVLRQ  7HVW
6HVVLRQ  DQG WKH EHWZHHQVXEMHFWV IDFWRU µJURXS¶ VRFLDOO\ DQ[LRXV KHDOWK\ FRQWUROV ,Q





6WDWLVWLFDO DQDO\VHV RI WKH ((* GDWD ZHUH SHUIRUPHG ZLWK D QRQSDUDPHWULF
UDQGRPL]DWLRQ WHVW XVLQJ FOXVWHU FRUUHFWLRQ DV LPSOHPHQWHG LQ )LHOG7ULS 0DULV DQG




Retention of picture-word associations and ratings of pleasantness
,Q WKH HYHQLQJ EHIRUH VOHHS VRFLDOO\ DQ[LRXV SDWLHQWV 6$' DQG KHDOWK\ FRQWUROV OHDUQW
DVVRFLDWLRQV EHWZHHQSLFWXUHV DQGSRVLWLYH DQGQHJDWLYHZRUGV HTXDOO\ZHOO PDLQ HIIHFW RI






FXHG DVVRFLDWLRQV:H DQDO\]HG ZKHWKHU FXHLQJ GLG VXEVWDQWLDOO\ VWUHQJWKHQ PHPRU\ IRU
SLFWXUHZRUGDVVRFLDWLRQVLQWKHPRUQLQJDIWHUVOHHS7HVW6HVVLRQDQGRQHZHHNODWHU7HVW
6HVVLRQ  LQ D  WLPH [  FXHLQJ [  YDOHQFH [  JURXS$129$ ,PSRUWDQWO\ WKH
HIIHFWRIFXHLQJRQPHPRU\UHFDOOZDVVLJQLILFDQWO\PRGXODWHGE\WKHWLPHRIWHVWLQJDQGWKH
JURXSRISDUWLFLSDQWV LQWHUDFWLRQµWLPH¶[µJURXS¶[ µFXHLQJ¶) S 7R
GLVHQWDQJOH WKH HIIHFW RI FXHLQJRQPHPRU\ UHFDOO DW WKHGLIIHUHQW WLPHSRLQWVZH DQDO\VHG
ERWK WHVW VHVVLRQVVHSDUDWHO\ LQ WZR FXHLQJ[ JURXS[ YDOHQFH$129$V,Q7HVW
6HVVLRQERWKJURXSVFRUUHFWO\ UHPHPEHUHGPRUHSLFWXUHZRUGDVVRFLDWLRQV WKDW KDGEHHQ






S    DQG LW ZDV DOVR QRW PRGXODWHG E\ WKH YDOHQFH RI SLFWXUHZRUG SDLUV LQWHUDFWLRQ
µFXHLQJ¶[µYDOHQFH¶) S :KHQWHVWHGRQHZHHNODWHU7HVW6HVVLRQ
FXHGVWLPXOLZHUHQRORQJHUEHWWHUUHPHPEHUHGWKDQXQFXHGVWLPXOLPDLQHIIHFWRIµFXHLQJ¶
) S  LQWHUDFWLRQ µFXHLQJ¶[ µYDOHQFH¶) S $W WKLV
WLPH WKHUHZDV DPDUJLQDO VLJQLILFDQW LQWHUDFWLRQ EHWZHHQ WKH IDFWRUV µJURXS¶ DQG µFXHLQJ¶
) S VXJJHVWLQJWKDWFXHLQJGLIIHUHQWLDOO\DIIHFWVPHPRU\SHUIRUPDQFH
LQ VRFLDOO\ DQ[LRXV DQG KHDOWK\ FKLOGUHQ DQG DGROHVFHQWV +RZHYHU IXUWKHU  FXHLQJ [ 
YDOHQFH $129$V VHSDUDWHO\ IRU ERWK JURXSV GLG QRW UHYHDO DQ\ LPSDFW RI FXHLQJ RQ
PHPRU\UHFDOO6$'PDLQHIIHFWRIµFXHLQJ¶) S LQWHUDFWLRQµFXHLQJ¶[
µYDOHQFH¶) S +&PDLQHIIHFWRI µFXHLQJ¶) S 
LQWHUDFWLRQµFXHLQJ¶[µYDOHQFH¶) S 

Subjective ratings of pleasantness of pictures 
,QDQH[WVWHSZHDQDO\]HGZKHWKHUFXHLQJPRGXODWHVWKHVXEMHFWLYHO\UDWHGSOHDVDQWQHVVRI
SLFWXUHV $  WLPH [  FXHLQJ [  YDOHQFH [  JURXS$129$ UHYHDOHG WKDW FXHLQJ





WZR FXHLQJ [ JURXS[  YDOHQFH$129$V7KHYDOHQFH RIZRUGVPRGXODWHG ODWHU






WKDQ WKRVH SLFWXUHV WKDW KDG EHHQ DVVRFLDWHG ZLWK D QHJDWLYH ZRUG 6XEMHFWLYHO\ UDWHG




 ,PSRUWDQWO\ RQHZHHN ODWHU 7HVW 6HVVLRQ  FXHLQJ VXEVWDQWLDOO\PRGXODWHG UDWLQJV RI




GLG QRW VLJQLILFDQWO\ GLIIHU EHWZHHQ VRFLDOO\ DQ[LRXV DQG KHDOWK\ SDUWLFLSDQWV LQWHUDFWLRQ
µFXHLQJ¶ [ µJURXS¶ )    S    $OWKRXJK WKLV LQWHUDFWLRQ GLG QRW UHDFK
VLJQLILFDQFH ZH FDOFXODWHG IXUWKHU SRVWKRF DQDO\VLV IRU H[SORUDWRU\ UHDVRQV 7KHVH WWHVWV
LQGLFDWHG WKDW LQ KHDOWK\ FRQWUROV FXHLQJ VLJQLILFDQWO\ LQFUHDVHG UDWLQJV RI SOHDVDQWQHVV IRU
SLFWXUHVSUHYLRXVO\EHLQJDVVRFLDWHGZLWKDSRVLWLYHZRUGW S )LJXUH$



















 YDOHQFH $129$V VHSDUDWHO\ IRU ERWK JURXSV UHYHDOHG WKDW VRFLDOO\ DQ[LRXV EXW QRW
KHDOWK\ FRQWUROV UDWHG SLFWXUHV SUHYLRXVO\ DVVRFLDWHG ZLWK D QHJDWLYH ZRUG WR EH PRUH
DURXVLQJWKDQWKRVHSLFWXUHVDVVRFLDWHGZLWKDSRVLWLYHZRUGPDLQHIIHFWRIµYDOHQFH¶LQ6$'
)   S   LQ KHDOWK\ FRQWUROV )  S  2QHZHHN ODWHU
7HVW6HVVLRQVRFLDOO\DQ[LRXVSDUWLFLSDQWVUDWHGSRVLWLYHDQGQHJDWLYHVWLPXOLWREHPRUH
DURXVLQJ WKDQ KHDOWK\ SDUWLFLSDQWV PDLQ HIIHFW RI µJURXS¶ )    S    ,Q






QHJDWLYHZRUG LQ VRFLDOO\ DQ[LRXV EXW QRW LQ KHDOWK\SDUWLFLSDQWV FXHG YV XQFXHG±6$'






RIPHPRU\ FRQVROLGDWLRQ 0DUVKDOO HW DO 1JRHW DO ZHFRUUHODWHG WKLV VOHHS




Neuronal correlates of memory cueing during sleep 
,Q RUGHU WR XQFRYHU SRVVLEOH HOHFWURSK\VLRORJLFDO FRUUHODWHV RI WKH REVHUYHG EHKDYLRXUDO
GLIIHUHQFHV EHWZHHQ VRFLDOO\ DQ[LRXV DQG KHDOWK\ SDUWLFLSDQWV WKH LQGXFHG RVFLOODWRU\




VXFFHVVIXO UHDFWLYDWLRQ RI PHPRULHV 6FKUHLQHU DQG 5DVFK  6FKUHLQHU HW DO 
/HKPDQQHWDOWKHVHDQDO\VHVZHUHUHVWULFWHGWRWKHWKHWDIUHTXHQF\EDQGLH+]
LQ D WLPH ZLQGRZ RI  PV DIWHU FXH RQVHW 7KH 60( IRU QHJDWLYH FXHV VKRZHG
SURQRXQFHG GLIIHUHQFHV EHWZHHQ VRFLDOO\ DQ[LRXV DQG KHDOWK\ SDUWLFLSDQWV LQ WKH WKHWD
IUHTXHQF\ UDQJH )LJ % ZKLOH WKLV ZDV QRW WKH FDVH IRU SRVLWLYH FXHV )LJ $ 0RUH
VSHFLILFDOO\ WKH 60( GLIIHUHG VLJQLILFDQWO\ EHWZHHQ ERWK JURXSV RI SDUWLFLSDQWV LQ DQ
HOHFWURGH FOXVWHUPDLQO\ VSDQQLQJ WKH OHIW IURQWDO WHPSRUDO DQG SDULHWDO FRUWH[ P   
FRUUHFWHGIRUPXOWLSOHFRPSDULVRQV)LJ&,QRUGHUWRXQFRYHUWKHRULJLQRIWKLVVLJQLILFDQW
LQWHUDFWLRQ HIIHFW IRU QHJDWLYH VWLPXOL ZH FRQWUDVWHG WKHWD DFWLYLW\ LQ UHVSRQVH WR ODWHU











+HUHZH IRXQG LQFKLOGUHQDQGDGROHVFHQWVZLWKVRFLDO DQ[LHW\GLVRUGHU 6$'DQGKHDOWK\
FRQWUROV WKDW PHPRU\ FXHLQJ GXULQJ SRVWOHDUQLQJ VOHHS EHQHILWV UHFDOO RI SRVLWLYH DQG
QHJDWLYHPHPRULHVLQWKHPRUQLQJDIWHUFXHLQJ2QHZHHNODWHUFXHLQJUHGXFHGVXEMHFWLYHO\
UDWHGSOHDVDQWQHVVRISLFWXUHVSUHYLRXVO\EHLQJDVVRFLDWHGZLWKDQHJDWLYHZRUG LQ6$'EXW
QRW LQKHDOWK\FRQWUROV$W WKH VDPH WLPH WKH VXEMHFWLYHO\ UDWHGDURXVDORI WKHVHQHJDWLYHO\
GLVDPELJXDWHGSLFWXUHVZDVUHGXFHGIRUFXHGFRPSDUHGWRXQFXHGQHJDWLYHVWLPXOLLQVRFLDOO\
DQ[LRXVEXWQRWKHDOWK\\RXWK
2XU ILQGLQJV RI LQFUHDVHG UHWHQWLRQ SHUIRUPDQFH IRU FXHG DV FRPSDUHG WR XQFXHG
VWLPXOL LQ WKH PRUQLQJ DIWHU FXHLQJ LV LQ OLQH ZLWK D QXPEHU RI SUHYLRXV VWXGLHV UHSRUWLQJ
EHQHILFLDO HIIHFWV RI FXHLQJ RQ WKH FRQVROLGDWLRQ RI QHXWUDO PHPRULHV 5DVFK HW DO 
5XGR\ HW DO  *URFK HW DO  6FK|QDXHU HW DO  0RUHRYHU RXU ILQGLQJV
VXSSRUW ILUVW HPSLULFDO HYLGHQFHV LQGLFDWLQJ WKDW FXHLQJ FDQ IDFLOLWDWH WKH FRQVROLGDWLRQ RI
HPRWLRQDO PDWHULDO DV ZHOO &DLUQH\ HW DO  /HKPDQQ HW DO  +RZHYHU LQ RXU
VWXG\ WKLV PHPRU\ VXSHULRULW\ RI FXHG VWLPXOL ZDV QR ORQJHU HYLGHQW RQH ZHHN ODWHU ,Q
FRQWUDVW UDWLQJV RI SOHDVDQWQHVV ZHUH PRGXODWHG E\PHPRU\ FXHLQJ QRW LPPHGLDWHO\ DIWHU
VOHHSEXWRQHZHHNODWHU7KHVHGLIIHUHQWWLPHVFDOHVPLJKWEHUHODWHGWRWKHXQLTXHQDWXUHRI
ERWKPHDVXUHVRIHPRWLRQDOPHPRU\SURFHVVLQJ ,QRXU WDVNSDUWLFLSDQWV OHDUQWDVVRFLDWLRQV
EHWZHHQ LQLWLDOO\ DPELJXRXV SLFWXUHV DQG ZRUGV WKDW KDG EHHQ FKRVHQ VR WKDW WKHLU










FRQVROLGDWLRQ LV D WLPHFRQVXPLQJ SURFHVV OHDGLQJ WR IXQGDPHQWDO FKDQJHV LQ WKH QHXUDO
UHSUHVHQWDWLRQ WKDW DUH DFFRPSDQLHG E\ VLJQLILFDQW FKDQJHV LQ WKH QDWXUH RI WKH PHPRU\
%UDLQHUGDQG5H\QD)UDQNODQGDQG%RQWHPSL,QRVWUR]DDQG%RUQ1DGHO
DQG 0RVFRYLWFK :LQRFXU HW DO  ,W LV DVVXPHG WKDW UHSHDWHGO\ UHDFWLYDWLQJ
KLSSRFDPSDO PHPRU\ WUDFHV WRJHWKHU ZLWK DVVRFLDWHG PHPRU\ FRQWHQWV LQ WKH QHRFRUWH[
UHVXOWVRYHUWLPHLQWKHLQWHJUDWLRQRIQHZPHPRULHVLQQHRFRUWLFDOQHWZRUNVZKLOHWKHJLVWRI
WKHPHPRU\LVH[WUDFWHG1DGHOHWDO,QRVWUR]DDQG%RUQ0HPRU\FXHLQJLQWKH
SRVWOHDUQLQJ QLJKW LQGXFHV WKH UHDFWLYDWLRQ RIPHPRULHV LQ WKH KLSSRFDPSXV 5DVFK HW DO
 'LHNHOPDQQ HW DO  DQG WKLV OHG LQ WKH QH[W PRUQLQJ WR LPSURYHG UHWHQWLRQ RI
SLFWXUHZRUGDVVRFLDWLRQV7KHLPPHGLDWHVWDELOL]DWLRQRIKLSSRFDPSDOPHPRU\WUDFHVPLJKW
KDYH IDFLOLWDWHG WKH ORQJODVWLQJ SURFHVV RI H[WUDFWLQJ JLVW LQIRUPDWLRQ IURP WKHVH PHPRU\
WUDFHV 6XSSRUW IRU WKH QRWLRQ WKDW JLVW DEVWUDFWLRQ LV UHODWLYHO\ VORZ FRPHV IURP VWXGLHV
LQYHVWLJDWLQJWKHHIIHFWRIVOHHSRQXQELQGLQJRIDQLWHPIURPLWVDVVRFLDWHGFRQWH[WZKLFKLV
DQRWKHU SKHQRPHQD UHVXOWLQJ IURP WKH UHGLVWULEXWLRQ RI PHPRULHV IURP KLSSRFDPSDO WR
QHRFRUWLFDOUHJLRQV$³GHFRQWH[WXDOLVDWLRQ´RIPHPRULHVZDVIRXQGDIWHUWKUHHEXWQRWDIWHU
RQH QLJKW RI VOHHS 'HOLHQV HW DO  'HOLHQV HW DO  -XUHZLF] HW DO 
0RUHRYHU*DLVHWDOIRXQGWKDWVOHHSDIWHUOHDUQLQJQRYHOZRUGVOHGWRDQLQFUHDVHLQ
KLSSRFDPSDODFWLYDWLRQGXULQJUHFDOORIWKHZRUGVWZRGD\VODWHUDQGLQDQLQFUHDVHLQP3)&
DFWLYLW\DIWHUVL[PRQWKV7RJHWKHU WKHVHILQGLQJV LQGLFDWH WKDW WKH UHGLVWULEXWLRQRIPHPRU\


WUDFHV IURP WKH KLSSRFDPSXV WR QHRFRUWLFDO QHWZRUNV WKDW XQGHUOLHV WKH H[WUDFWLRQ RI JLVW
LQIRUPDWLRQ PLJKW EH LQLWLDWHG LQ WKH ILUVW QLJKW DIWHU OHDUQLQJ EXW LV REVHUYDEOH DW WKH







7VH HW DO  9DQ.HVWHUHQ HW DO  *KRVK DQG*LOERD  %URG HW DO 
6RFLDOO\DQ[LRXVSDWLHQWVW\SLFDOO\UHFDOOPRUHQHJDWLYHDXWRELRJUDSKLFDOPHPRULHVQHJDWLYH
VHOIGHILQLQJPHPRULHV DQG HDUO\ DGYHUVH VRFLDO HYHQWV .UDQV HW DO 0RUJDQ 
LQGLFDWLQJDQHODERUDWHGQHWZRUNRIQHJDWLYHPHPRULHVLQWKHVHSDWLHQWV$FWLYDWLQJWKLVULFK
QHJDWLYHPHPRU\QHWZRUNE\SUHVHQWLQJDVVRFLDWHGPHPRU\FXHVPLJKWKDYH IDFLOLWDWHG WKH




DO  ,Q FRQWUDVW WR RXU ILQGLQJV LQ VRFLDOO\ DQ[LRXV SDWLHQWV LQ KHDOWK\ FRQWUROV ZH
IRXQG D UHGXFWLRQ RI WKHWD DFWLYLW\ LQ UHVSRQVH WR UHPHPEHUHG DV FRPSDUHG WR IRUJRWWHQ
QHJDWLYH SLFWXUHZRUG DVVRFLDWLRQV 7KH PDMRULW\ RI WKHVH DVVRFLDWLRQV PLJKW QRW KDYH
PDWFKHGYHU\ZHOOIRUWKHVHLQGLYLGXDOVIRUH[DPSOHDSLFWXUHVKRZLQJDSHUVRQDFWLQJLQD
SOD\ LQ IURQWRIDQDXGLHQFH WRJHWKHUZLWK WKHZRUG³MHHU´PLJKWQRWPDWFKYHU\ZHOO IRU D





GHFUHDVHG IURQWDO WKHWD IRU UHPHPEHUHGDVFRPSDUHG WR IRUJRWWHQSLFWXUHZRUGDVVRFLDWLRQV
7KLV DVVXPSWLRQ LV LQ OLQH ZLWK D SUHYLRXV VWXG\ VKRZLQJ UHGXFHG WKHWD DVVRFLDWHG ZLWK
EHQHILFLDO PHPRU\ IRUPDWLRQ VSHFLILFDOO\ LQ D FRQGLWLRQ ZKHUH LWHP DQG FRQWH[W GRHV QRW
PDWFK6WDXGLJODQG+DQVOPD\HU,PSRUWDQWO\IXWXUHVWXGLHVVKRXOGLQFOXGHPHDVXUHV
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